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I„ th. che.ical, pharmaceutic! a.d .ia.r.l 
. there are o£te» requirements £.r contacti-s 
l„a«strxes, = ,,„„i„„„u.ly. » typical 

„<,«ire»ent xa £er ""'^J a re.ctihg 

a „eed to a»pply 8e». ""'W ' g^^^ 

Uo.aaa in co.Junctio. vith a .oli pHas 

,.s/U,.i./soU. Phaaes co„tact 

,i8„i£lc.ht a«u.t. » „ „ida.t in 

.„d to \: :„.or, for e.a.pl.. a 

the for. of hubbies. In ,i,i„„ for air or oxygen 

apecially designed -to ».th p ^^^^ ^^^^^ 

injection Is often used. In t» g^iJide- 

is desired, for example, to ° ,„ .erobic 

containing ore .ith oxygen t^"-t* ' " .^,„„„„i, 

hiomesa. other , "In conjunction vith 

,iaphrag.a or ''J-'jX ^clZ. the transfer of air or 

a. agitator or stirrer to ,„iution. the bio.ass 

oxygen Int. th. li,«id J'll ^ 

makes nse of the oxygen in effect ^^^^^ 

metaUurgicel reaction or transfer are 

systems or methods, the demand, for axr/oxyg 
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u onlids concentration in 

tb. reactor 1. i. tra..lerri.8 the 

case. t-ar. i. '^^[tJ^ -^=""^'1 

a,p..dit.r.a for a^ita^o x • 
i..„.cas. t.e "aasfer o£ «m 

to th. 10. aaa. li.ltatlo«s, a 

t.. tr.aa«ax is nacessar, 

bUl.ar driving £«rc. or ox,g ^^^.^.^i. 
..i. load, to a. litt a " " ,„,oenn„ th. 

„„„ ..ing applied o t... Proc ^^^^^^^^ 
.paratiag acoao.ic. hx.ge oa t*a ^ 

.hather fro. an oxyga" " . traaaiar of 

"xHa proUe.a of -"--/^r rlt oal, 

o„gaa to a f ' r^o /r.r."' ""^""'^ " '"a 

,coao.ic proUaaa. J' " f ,„„ectlag the Uo.a s 

that cara .«=t ba taken to ^^^^ ^ 

„ an, aevara turbule.ca or .haar ^^^^ 

daaage the .i"-"''"""" ^ , .ca. therefore, to .uPPlr 
p„cea,. It haa haan "-o» 

„,gea (or air) '>'""^' ' , Utivel, gantla. aon- 

diff.aer. and to provide onl, 

da.agi.g " '7 „„ a«rpri.iaglT. 

have no. found ''"^ ,„atl, 

leaat ao.a * „ai£i=atioa proceaa .hioh 

,„„,ed ef ficianc. at li- « »^ ...halaace 
involves aabjecting th. h ^^^^^^ 
and shear. Ih. S-^^""""; ohtain.hla 
,.hsta.tiall, " "s ,s. to f.rth.r advantag" in 

coavaationall, and also gi' 

.the bioreactio. process itsel - «,entioa. 

According to on ^'P'; . ,,„.ection .hich 

there i. provided a """J-^'; .i„„a containing a 

co.pris.s gasifTing = -'f// f^^.^.oa to proceed, .hich 
.icr.-org.ni.. to enahla the 
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mixture in a reaction vessel and 

circulates the .Ixt.r. »r „j, „ i.est the 

column in "hl^h gas transfer ____ 
U,uid helng i.troduc.d into th t o 

for. o£ at least one i«„ in an npper 

anfticient to generate -^;;» ^^„^,„„„.. for.ed 
region ot the coln.n a s.hstant.a , ^^^^^^^^^ 
of dose-packed hubhl.s of the gas i 

acroas the entire .he inco.ing .tr.a.(s) 

,.olent agitation -^^^Z, .uhhle site, the 

c£ liquid, and of relatlv y „j 

" Tf trganr. surfici'ent to prevent gas 
introductxon of the ga ^^^^^^^ 

accumulating at the tep apparatus for 

The invention also x ii„uid/solids mixture 

effecting a bioreaction ^^ f'^^^ ^^^,,,,,3 comprises a 

the method of the J/3olids mixture; at 

.eaction ^ssel for rece.v.^ h^^^^^^^^^ ^^^^^^^ 
least one reaction loop throug ^^^^^ 

...culated. the uid into the top of the 

for introducing at least ^^^^^^^ ^^^^^ 

column in the form of at le ^^^^.^ 

introducing gas into the ,,eation and 

introducing means being such as to 

rintenanc. of the a li,.id/solids 

1„ the method of ^^^^^^^ woreactlons, 
.ixture is gasified. In the case ^ ^^^^^^^^^ ^^^^^^^ 

th rirs°;i» -t contain ox,gen. » non- 

to he carried out, the 8" ^ li.solv.d o.Jgen 

„„en-containing ,„ired. 

.,ro. the ' „ I. resented in B-^- 

Gas-transfer In a coluan I kcrei. 
patent no. 1S,6,3S. .hos. teaching are^i^ ^^P^^^^ 

reference and -/.f^^^^idl, in.o-e- forming a 

further details. The proc 
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• ^ 4r^A turbulent foam of the 

within rt. "".'°'";;,„i„,io. ..d c..l..c«ce »cc«r 

'i..lt..e.»slT and co.ti..o»sl7- ^^^^ 

hi.M, .»icie.t rt. purposes o£ 

th. bioreaction. .,.,f,e.tl.« »»• 2"""* describe. . 

O.l. p.t..t .,ieb a cblnatlo. 

further c.l..a .„ti». a»d .lo.g 

o, rotar, .«d '"X'"/, This tech.!,- can 

rt. vertical axis „e the teachlats of 

.ISO be ased 1. /^^""l 217 "B* are Incorporated here.n 
the said U.X. p.rtlc.larl, us.f.X 

b, reterence. This " 

pure oxysen (as opposed to air) ^„„„,„an8 sas ia" » 

These col.« technl,«.s I ^ng the 

cor --''runrar h::: Hitherto, soch 
ll,„ld to tierce "'»»^";; ^ ,,,,,,, br those practising 
condition. ha« he.n can da.age hlo.... 

Horeactlo... „;°„.orga»l... .hlch r.,olre 

particularly 1. the case oi »>cro^^ g^^^^ 
carefnl handling. Bo«eye . jeleterionsly 
loast s,.e bloreactlons enhanced. The 

affected hot rather are T.rT ^^^^^^^ ^,^„„d 

enhance.ent ^"-"^re /o,".- '«^»"" prcld.s. b«t also 
gas transfer .hlch the c i„a. Thus, for 

the tnrbolence "- '^'".^ft.f.ct ot the torhnlence and 
«a.pl.. «e >■." f.aad n,„s.. thns 

ahear 1. to brea. d..n a", c^-'; .pparentlT 
. mcraaslag the exposed a"^;;' ot »hlch 

lowering the viscosity of the .1 
faatnres are advantageous. Ot>>. 
fro. the description foil.-"*- 



- 5 - 



I„ t.e „ethod of t*. lnven.1... the li,.ld .olid. 

. fixture is circ.l.t.4 arou.d . loop cont.x.i.8 > 
section mixture 

g.s-tre..£.r col-mn. „„tainia8 a ja.- 

dependia. oa ..-t ^/X" „te .iU U pa.ped 

„...«.r cola... ..re 

„,..d a loop la ord r " ^„ , ^he foa. la 
aoaalea) the high velocity aeces.ary 

... ..thod of the ia,.«tio.. th. d..aflo. 

.,.,,aratio„ cola.a (or "-^^ ^ ^roar.: It .t 
iategral part o£ the p-.P d " „^ .„eler.ted , 

,ea.t the ll,uld aad "/oa.le, la parallel, 

for example through a aoaal. or aet , 
.he acceleratloa aad velocity heia u ed 
i„t„ bubble. «hich are coaceatr.ted .at. a 
U,„id babbie phaae beaeatb the a.aa U ^o.^ 

- a .ithia . da... 

pr.videa a high laterfaci. ,„i„ti.a. The 

cefUcient for abs.rpti.a . h ga. 

.rea rari. of the ' . 'r/gl.. «* 1 to 10. aad 

,ody of the eolu.a '''''"' I'^lX^ should be ia the 

the ..elocity ia the .aia body of 

resioa of 0.1 t. 0-35 «ter. „ axial 

The U,.id lo« i l^^^ „ „.er 

£1.. pr.peller pa.P «r - *« .i.h or 

„p. of pamp. Integral or .ep.» ^^^^^^^ 
,itho«t a do.a.trea. aoazle aoae P 

tarboleace. i„„.duced iat. the vea.el either 

r\'"e";es 1 o eaeath the a.aale(.) or la .a 
. ia the aeck of the ve.sei .ozaleC). tor 

.xteraal pu.p altuatloa .bov. th.^^^^^ ^^^^^^ 
example at a ratio of 0.01 to 
liquid flowing. 
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tk.n the .t.ospherlc pr.=.ore, th." 7 P 

.U..-t reco«,a to = ./pr.ferr.d tor 

i„troduction for 8" *' p„,id.d that th. 

„ass transfer) or helov th. orif. P ^^^^^^^ 

Hydrostatic press.re 1 bel.. th .el.ti.elT 

and that th. are. of pipe ^ this 

a..ll co.pared th. .x.. th ^^^^ ^ ^^^^^ 

point. 1... »«t ' „j ,„l.„trit fXo. 
,ola..tric ratio basis. «P to 1/8 of 

.at. of U,-id .a, \ th.re ca. ha hat a 

I„ the .etho More 

single .icro-organia. in th. ^^^^ ^^^^ 

aauallj. ho.ever. there «il .j^^t <,„e 
organls. present and a mixed cnlture 

.icro-organis. .a, P"*""'"'' . the use of a 

la p».ped loop "■''"7"'° Hig, turbalence 

...„o. --"'--/jrih: hi :rron'to :rocaed at 

and bubble densxty enables th ^^^^^ 

dissolved oxygen levels as ; ^j^^^ least 2 to 

general tbe experience in - tbat 

2.5 «g/i is this levei. uu ^ ^ 

oxygen uptake rates Cultures. International 

(Oxygen Transfer to iggT) teach that 

Bio-Hydrometallurgy ^y^PO^^- J^^^^^^^ .^lieve this is 

below 1 mg/1 mass transfer xs ,.,f„3io„al resistance 

aue to the larger boundary ^^J^ ,,y,en transfer in 

through clu»ps of aaterxal that x ^^^^^ 

. conventional systems. ..erate at a lower 

accordance with the present in the region of 0.5 

overall dissolved oxygen ^^'^"""^^ ^ ^^^^ P«mped 
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, „ sav 10 mg/1 .t tie discharge. Thcs, the 
the colirnn , 30 percent 

driving force over the c.l«.n ce. he « ^ 

::::: the ....trie - --^ :rt:r:::. air' 

„ear-s.t.r.ted llq»«r .s then """'^ 

„pidu .-d -;-;rr/:he -^^^^^^^ - 

di.aei,.d : :..ie head can he oaed to 

contacting is that tne ny dissolution of 

advantage, increasing the driving force for 

„,gen With depth do.n t»e 

A..ng the .en, ' important is 

present invention can he .sed, on. of / 
hioleeching. »..ng snch processes ^""^/^^ 
i. snlfide-cntaining such as iron 
another co.hined sulfide, end the ax. - 
liher.te gold, silver or pl.ti.n. "f/,^';. 
niCel. cohslt. .anganese. °',/;„:'L^;;4id^. 
.acterin. such as. for exa.ple ^^k^ t^-j^;;;;^ 

:::::::: re r t-^r:^ - 
trctrdrtr:—^^^^^^^^^^^^^^ 

T^e ehilit, to ..rk with high t.rh.lence and shear 
The aoiiitj -enerel teaching m the 

condition, is contrary to "•' 8'" mentioning of the 

lit.r.tnre. There has been "S"'""^ ' eondition. end 
.hilit, of the becteria to survive high sheer c 
. "entlal attrition .ith high pulp d.nsit, . err e .^^We 

.ave found that, at -j/- / . ^ appear to he 

reletivelj high shear, cell disruptio j^.i^uo. 
. pr.hle„. on the contr.r,. " ^/J" , ,„,,.d. 

to .ass trsnsfer that occurs in other systems 
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of particles cannot 
Ihi. 1..S th. „j p.„.ti.l of solids 

.,st.. to '"»"^f;;;;;,,.a, assi.»d .irt.. 

suspended. „„„„d th. po.psd LoP- 

rt. r.l.ti..ly hUh 10. .jou ^^^^ ^^^^ 

Another effect » ^^^^ ^^^j,. „£ 30 

,h.t for high pulp ^s.sitS '^""^^^ .ith eftlcie.o, 
percent. o„gen fro, '" ''jJ^X,^, pessege t.rongh t^e 
I the xegion of «0 to 7P perc.. ^^^^^ ^^^^^^^^^ 

»hen co.pared v.th .p.r8 „tui..tion 
,,arost.tic heed "/"/^.ent. Higher efficiencl.. 

e££lcl..c, ..J '-l' ' " .he. the h.hhl" .r. 

.t...ed i.to the ..in ^-\\ZlZ. .t the h.s. of t- 
...U. r.l.tivel, -»^^"- „ „...fer ..T r..idu.l 

..d .till h.ve ..rther.ore if 

„„ge. on their pass.ge to tn .fficienc, of 

en rather than .ir ' ,S to 100 perce.t. 

.UUsatio. c.n h. -^^^^^^^^'^ oper.tin. coX.« 

i .p..-^^^^^^^^^ _d .f the 

The loop (« l"""'' /..thin or o.t.ide the 
present i-.e-io. ca. he ^^f^^ .n external 

:..cti.. V....1 c..t.i.i»S t- * ,s ..proved 

e.l..n and pn-ped '''^ "'^Z. «.trih.t.r «ste. to fo.l 

.ignificantlj si"" there 



( 
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1 i-o enter the tank to carry out 

maintenance. This -.aillra breathing apperatns 

,e„„se ..intenanc, ''"-"/^/J'/.^.^ea or pumped. S.ch 
an. settled solid. .= " "J^ ,.,„Uo.s 
hioreactions 8'"""'/'' stick to distrib.tors. 

product, .hich "» ";^;;"„,,etel, block the. i. 

reducing their P"^°""" °' „„r..t, the reactor 

relative!, .hort p.riods o£ tx. . clearances 
loop Situation has sutf.cient ' 

leading to much less -^""""//J'.'/^^^i.ed h, the use o£ 
..other ;; n: „Lng nutrients and/or 

a pumped loop " ""l/'";^ This is ideal as it is 

i.oculant dlrectl, xuto the c ^^^^ 
a region of high oxTge. upt." s. jiatributad 
autrients and inocula.t ma, be xapx „„aij.ration 
,a .h. main tank through " 
her. is often bacteria, espec.a ' — 
^jans. ",«ire carbon „ .^i. point. 

...i. CO. is =-:°;:r;rj; r :::tit, i^^d 

Since a reiativcxj o etirring of 

around the pumped loop "f " of the 

.he tank can be «>"-«\'' t', " fe p .er r.,uirements for 
returned liquor. This / ,,am in their 

conventional stirrers or can .nde.d repl 

entitetj. invention (Illustrated 

I. t.. embodiments of the « 

and described hereafter in .i,un the 

accompanying drawings), chamber formed 

reaction vessel and is « . '„„„,ament can provide 

adjacent e wall of the v.ss. The reaction 

certain economies in capit.l plant P ^ 

.i.ture fro. the ..in ,,„aln oxygenated as in 

.he top of the annular cb«.^ „.„iar chamber back 

a column, and- then from the base 

into the reaction vessel. 
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,.»*«.ore. heat transfer » .3, be 

.,ed as a. .xt.rnal f^."';/.,.,,., jackets. Bacteria 

,„ch as piotacllla a Jem-—-— ^1^^^^ „„s of 

ts.,erat.r.. in the regxea «£ 3 

.icleacwas »"^""f.;,.'::;;„.ctio. rate. Another 
the temperature caa ,j .^i. t„a et process 

consideratio. la the .^^.^ there .a, be 

• ,t,=ii each p»i-ped loop arr.agement. o£ 
" that each p P „eclflcallj tuaed to the 

a „..ber o„ , ,,.1. .t taa. reactors. 

„,.ir..eats of each tank 

Thus, adjast.eats cs. i„.ectio», nutrieat 

carbo. dio,ld. -;:rcL: r» reaalre.eat, of the 

addltloa. etc. " '^/^^ ^„,,,,„„a io.lc strength 

process and »e.t the ^^^^ 

(J,2. /Pe3. level). '""Z"';;^' " „„4o.n is P-i"'. 

„actioa proceeds, f""""/ 3,„.. is 

and startup aad shutdown of the overall 

'*"'"""Th. ..thod of the inveatioa be e„Ued to a 

•Trcer:a"p:r::-:arri::: ... 

provided the slurry can J [ introduction of 

.achanis. can he used for eff.c.e ^^^^ 
.ir/..,g.. or other gases Th. 

.tirred tank reactors """'^'"Z" to a 

,4r..aticall, with solids P-^' """' ^ rates, 

aigaificant reduction in ^a and 0, g ^^^^^^^^^ 
Projections using the e, 

at ^ (s^) "T. /alues are particularl, lo.. in 

axperi.e.tal conditions. values 
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1 « ^-T-aei- we have measured 
X n nn9 sec"^. By contrast, we nnvc 
".ic. of lue. 1. the 

„,e o£ air. the g.ses i. e'oi'"* " 

„t for using bacterie for l"'*"* „„ sulfides of copper 

hes been applied ['^^ „ 33-0 and at 

a„d nranin. and operates Ideall, " ' „j „<,„„J 1 

.elatl.el, lo. ""°-'^""^„; p op tion of the 

t. 2 It .1" . '^ect oxid.tio» 

celLlar o.rbon. The .ech,nls« .s one 

.Uh Thlsi.clll»tJlJS^.^Si4^ .,1 hlllaed b, the 

- «n The uranium is soxuu* 
solution at the low pH. The u ^ pyrite 

,e.ric ions which are Se-x t a a ^^^^^^^^^^^^^^^^ 
oxidation. The mechanism is simi ^^^.^ 
Nickel, molybdenum, and cobalt, pr 

V -f^Actively solobilized by these 
sulfides can also ' ,„,,i„„ .onte. On the 

.acterla , such • ^^J'" .etals. vhlch 

other hand. gold, .il'er an p ^^^^^^^^ j„ 

„e often ",L"tor, ores", can he recovered 

le. gred. or '-""J^ re\,rltlc lattice .Ith ..ch . 
indirectly '«"^- f/^/J,^ ,,i, ,„lte can result 
tecterl.. Onl, partial leach g ^^^^^^^^^^ 

in the liberation of the precio leaching. 

recover, bj conventional technl,u g- cjan. 

recover J > j.sulf urization of coel, 

m the case of desul p„tlc»larl, 
,.,-...^11 us f..-^.^-oicida»8 has been 



- 12 - 



•tic sulfide or inorganic 
successful i. ""'""V' " „i „tl..r techniques ere 
sulfide c»«pe...t i. the 
leiug develops! for tr..t..« o£ the org 

couteut. niiin f-^'"-'«iJa°8-- 

i„ .dditio. to aif^^ii^^^7;i;n;;i;r 

,.ct.ri. «T h. «"« ■ la WaSS^ C"^" " 

n«* in particular, is 

operations. One. xn p thermophilic and 

S»Usl2te^Si4^**i^';tre\4^^^^^ of 65 to 70.C. 
eper.te. et "»peratures the reg , 

For coal " 
VI ctrain of bacteria, smi-^ 
potentiallT '^"^ to operate « 

Higher ».paretures it .i ^^^^^^ ^^^^ 

Uster rate. For thi. P P^^^__^^^___ 
erranBe.e»t of the 1" i„ higher 

conjuuctio. .ith • "^""f;,^,,/,„.„tageous .ith air or 
Mdrostatlc heed. 1. ,t.ospheric air 

„,ge.. For such a s,st.. the o.yge. 

.„d . 20 . deep tan.. » '^^'^^ „,itic sulfur 

can he utilised up to 90 to y p ^^^^^^^^ 
„....d in a five to se.e. over 
appl, for these hact.ri. '^J^TC, operation with . P«.pod 
,0% gold recovery ca. he ' „ uttle as t.o to 

loop aeration of the Invention sjete. 

three dars. lo.-grade refractorT goW 

In the hioleechxng of lo. 8 
. . 1 ..Tcent pvritic sulfur, over ■> 

ores containing 2 percen . o 18 troy ounces 

.ecover. of .old can he achieve ( -1^^^^ 

.Wtonne) -^^^^^"^///L^^niU^^ ^^^^ 
sulfur. Using oxygen and BiSfi--— --^ achieved in three 

percent solids density ,o hours. Oxygen 

stages of reaction over a to P ^^^^^ ^^^^^^ 

utilization is in excess of 9 P the base 

.oops per tan. each at -^^^^^^^^^^^^ ^ ^ 3 „ 

of 20 « deep tanks. Each differential 
high and can transfer up to 50 og/ 



( 
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t-reatoent where pu-LP aenoj. 
sludge or effluent treatoen v^^eria are present. 

* «;l w/w and mixed aerobic Dacteria u t- 
region of 5% efficiency of transfer of 

Such processes can benefit oy 

oxygen or the lower P-^/^^'^^^f;;;,;,,, ,„ange»ent of 
Also, the pumped loop ^^^^^^^^ fermentation 

- p^esent ^^^^ 

field. Fermentation of glu ^ ^^^^^^.^e, is one such 

microbes to yield xanthum ^J^ J^.n behaviour of the 
fermentation. Due to the -^^J"" bioculture 

^<fficult to transfer oxygen 
broth, xt xs ^ ^j,en using a sparged. 

Without considerable P-^^^ ,,,,,,es such as this, 

stirred tank fermentor ,„,,fer of the 

.ig. Shear is essential ^or ef ,,,,3f actorily by 

oxygen. This feature can Kecirculation 
the pumped loop arrangement of the ^^^^^^ ^^^^ 

.ate can be selected to ensue t, , ^^^^^^^^^^ 
„ixed and oxygen or axr appUed 

uptake rate. invention may be more fully 

In order that tne i" „„„„,ino drawings 

made to the accompanying 
understood, reference is made 

in which: vertical sectional view 

„£ oM arra,.g..e»t for carrying 

i.„.tic.. .1th an lA b.t »itl. a. 

FIGURE IB is simxlar to rig 

internal column; ^„ i„ schematic 

FIGURES 2A and 2B show the 

••At-'fve air entries, 
,.rtlc.l secti.. .ith „ ,j the top of the 

also .ho.i.8 ,„ucal s.cti..al 

FIGURES 4 and 5 are scnem 



- 14 - 



.,ev3 o. aX.e..a.ive .a„WcoX.»n a..an.e«en.s .o. ca...n. 
out the method of the invention ^.^.i^nal view of 

FIGURE 6 is a sche.atxc ^^^^ 
another tan./column arrangement accordxng to 

invention;^^^^^^ 7 is a simplified top plan view of the 

column of Fig. 6; vertical sectional view of 

FIGURE 8 is a schematic vertic 

4- «4tIl^1ar to that xn uxg. 

another taak/d™" .rra.8..." for c.rr, 

of the ln..nti(,«! and ^op plan »ie. Con reduced 

FIGURE 10 is a schenatic top p 

seal.) of the arranga.ent of .ith pro.idi.s 

Xh. ensinearin. P'" " ...dUn, a 

, thrae-phas. f conventional chemical 

.iaeral slurry = " l as paCed to..rs or cola.na or . 

ensineerins ^^t,^ stirred tank reactor 

contactors „„„ shortcomings d.e 

approach .ention.d ""'^^ j.,, performance in the 

to blockage. pl«»»i»8. or 8 p„sent application, 

prasence of high ^"f;//;,,, Joa-phas. contacting 

ho,..er, describes a .ethod f ' 

.hich is applied to bioreactor " is 

Referring to F.g. U of 
3ho.n a main reaction vessel 1 .h 

U,»id/solids ■ 'connecting to a P»mp Fro. 

the tank is an outlet pipe i 4_ j„ 

12. Pipe 3 connects to h ^^^^^^ 3 

supply is ..^or to entr^ into the 

vith the liquid/solxds """^"^ ^ treated 
column 4. From the bottom pipeline 13 

reaction mixture is returned to vessel 

which includes a valve 6. . 13 is generally 

The arrangement shown xn Fig. IB 8 



( 
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„ „d like numeral. Indicate Ilk. P«" " 
;"'r;.a M iisid ves.el 1 or (a, i» PO-to.) 

outside vessel 1. 1» ' ^j^.li.e 3 to 

Xi,.id/solid. fro. t.a;^l 

the top o£ col..» *• T-o 3,„. „ i„ 

.„.a,....ts are '^'''J-'JX thl U,aid/solid. before 
Fi,. X». i-'- the other (i. pHanto.) aho.a 

i.to th. c,l«.a. '"^J- top 

l.„l 15 of the liq ^ 

Kg. IB. the 10. ead 16 of th ,„„4 h, the 

la both Figures, the loop i 

V .,„m lessel 1 'i« the pa»P 2 to the top 
£!„» path from ».s..i i 1. 

4, do.n through th. cola.a sad IB). 

..thi. th. col,.h ,„,.„hl, 

the h,dr.ulic -'«;;;;^^f It (..t .ho., ia rig. U 

«tili«i through a nozzle %. ^.^^^^ joi i.daciag 

.„d IB) operated in ^»''»"";; " le- B, -PP-priat. 
tarbulence and shearing »P gas into h» ^„ ,.1. 

selection of th. «»"-<»>^ tran.f.r 
hod, of the coln.n. i.pro.ed 

coefficients sad anhatantxal ""'''f „„,or or 

achieved for 1... po.er thsn i. • .j^^ „i„.„ 4 

coln.n ..i.g . High pr...nr. ' / jto. 

can h. 0P.r.t.d and.r a -id. range ' , ^..d 

.t.o.ph.ric to .hove. '''•'[ "Xe l J,...^^^ " 
avalLhilit, in the tsnk and/or the „t „o..ta 

..aerated h, a pressare I the presence 

,1 gas Cair/ox,gen) c.a be ^""^ ' ' „j « to 50% ./- 
■of solids. Solids loadings l« the r.gi 
have bee. ev.lnated snd are .iahl- ^^^^^^^ 

The li,«.d IS accel oonfigured to 

ps.sage.a, or »°"l«''>;"f,;;.;,,. tstveen the li,»id 
provide falrlT precl.e r.l.tionship 
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Providian rapid .h.ar of bu^kl... ^^^^ 

.„„rfaclal "'".ixia, 

This thr..-pl..8. """" t„bUl„8 phase 

„. b. operated in auch a v., th. 

.„.ada do.a ..a "J/ ' r aa c. be aappUad fr.. 

„ ,aa to U,aid ratxo. The ^^^^^^^^^^ ^ 

. higher prasaare a.aree. aach 

delivering air into the nozzle or 3ig.ifica.tl, 
TKe col».a it„l« b. "'"''J "j:,, 
i. ezteaa of i, .be tan., or its 

positioning of the c,l«.". 'J ^^^,„i,. pressure 

position .itbi. the »»^- * „a.spberic 

.Ithin the c.l..« can be increa 

p„ss«r. and/or the hydrostatic press ^ 

'.i^tae of a apecial \.ca... the c.atacting 

1,), o. the discharge of the ^^^^^^^ 

.ethod develops high „) i.t. sol.tlon, 

.i,„id. rapid .ass .^^Luons. are achieved 

snd e,«llibrl.m or near e,all „ifj„,„t .eth.d. 

i, . relatival, short slnrr, and the 

«' possihle rprincipsl energ, 

introdaction of the gas h uties of gas can be 

cnsideratien is that p„,pi... and 

dissolved for "l'""''';;. 'ire...ts. An azial flow 
.egligihle gas "J „i„.. high-eff ici.nc, 

propeller ,.»P 2 Provides . ^^^^ ^cesser, to 

.ethod of providing t . ^';»; ^ overall s,ste. 

„,erco.e the no.zleCs) P" ^ ^^^^^^^^ ^j^k 

irictlonal resistance. ..Sieving the high 

r\rera;i::iT.rh;d:::iic heed, .th effidenc, i. 

the Irchimedes type screw pomP- 
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A preferred feature of the design Is that the 

should g.ner.U, b. 1. "'^"^j/^" coX... 

e.,.»sio. or coMractlo. o£ tha 

.H. ab.,e .elo.i., " t. »o 

b. .o .=.i..ed tb.t the 

fo. tb. total coataats o b t ^ 

».„aat.r lata vbieh .t ""^^^ 

be ased ; ....actor 

coaceatratlons even aad .ixed tat „.pen.ion. 

la ao.e bioreactors. the gas ^^.u.atioa, 
„ carhon dioxid. ox .itro.e » ° ' » ,,,.,3s. 

;:rax':ram -atioa de:Ld o. the aoX.da 

example, o.ui.i.u -xvaen directly to a 

,^ ,A If It is desired to proylde oxjgen 
li,«id. If it is sapplTihS b-" " 

hlo.aas. this .a, be " „kea iato 

,hicb case suhstaatiall, where the 

.elation in the col..n or "^""^ ,3s can 

„„g.n is supplied tro. a. '"l"'''"-^^^^ „itroge. 
h. ta.e. into .olntion and -•'^^^''J^Z into the 
With some unahsorbed oxygen, wxll exxz 
tank or hioreactor. 
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* A t-hat it is not alvays necessary 

t. use . co.jr«.or » 1 .uustr.t. ..b.4i«.t. 

.,11.. .ixture. F.»ure. 2A .»d ^^^^^ ^^^^ 

" h r. ;.tlet 20 con.«»d to 2. 

„p of col«.« J"";^^, „j includes . pl.t. 
detail thstt 1» Mss- " • 13 retorns to 

n. Fro. the iotto. .1 colu.. 1 1. 

I. The level 22 -f li,.id/soUds 10 

also shovn. atmospheric air is 

In the arrangement of F.g. * P ^^^^ 
. ^ -J-* PiDe 23 has suhstantiaiiy 
..pirated .ia pxpe 23 P.pe 

1/4 „£ the croes-eect.oael are. of „i„.trlc 
U ... been £ou»d that »P to /8 .« tb. ' 
„o. rate o£ ll,«id can be l.daced .the t 
at.oaph,tlc ait vhe. op.t.t.a t . .-^^ 
.t»o.pheric pressure. For tn ^^^^ 
l.p,rt.ht that the P'^-'/^/j//^. .... uot 

together "»^\"' "tn/.r.^l.alent to the position of 
exceed the hydrostatic heaa eq 

gas entry above the tank level. ^^^^^ 
Fig. 2B is the same as Fxg. e P 

J J i->t*> air admission xs vi» 
2B, pipe 23 is o.ltted and the air ^^^^ ^^^^ ^^^^ 

1„. the oolu,« at the uo.al. l'"^ ^„ ,^,,11.. 

provided the r.aldual ,..a for the 

25 and colu.. do not exceed '"e h,dr 

introdnctlo. of .a. at i„„oductl.. of air or 

ho.e,.r. that the gas pipe 25 „i.tl.e to 

b, this "P'""°" ; r I t d ctlon so that 

.the body of fluid St the ''^ 'J ^ be generated. The 
kubhllng rather than gas „ \ .i,.lf icantl, 

production of a gas pocket ^ 

increased energj reaulre.ent lor 

dramatic loss of tnt.rfaclal area. 



( 
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\rrn::/: rrtrr 3 .... 

positioning of po.P ^ " ^he 
... top of col.«n 4 ,„ch the 

..,../.0Xf.. f.e- <> ,,p, 3. .i..o.e. 

.ir inlet 31 connect. " ' «* „„„i„. dre.n, 

across the coln.n .bov. ^"J 'l^l. ves.el C 

t.. coi..n is .it"- f ;^;t ; ; ^• 

IB) and the liqnid/.olU. l»«el 

lllMtrated. ^ impeller 7 

disposed in «"\'° " ;.d of P«.P ^ ' 

dri,e. .-ft U. t,:./„te. po..ihl. 

eltern.tlve; there are other. 

.round the loop. reactions involving sa./H'"" 

I. .an, „ .oatrol the 

e„d .olid., it i. n.ce..ar, po.xt ' , ^^^^^ ^^^^ 
temperature of the reaction .i«»- ^^^^^^^^^^ 
dUficnlt to achieve on a "-j; ,„„,i„,. ho.ever. 

.1th a preferred f h p^^^^ ^^^^^^^^^ ^^^^ 

the flo. condition, in t».e P „j „,„sfer 

tra..ter condition., an h, the P ^^^^^^ ^^^^ 

mean. Ceg. ."ernal """-^ f;';;/,, loop. 
e.chan^er. t«^". « ^„.„„,,.d either b, addin. or 

temperature can be ream J ^^^^^ ^^^^ „u.eral. 

removing heat, f^^'"";/^;;;,/;,,, .,e of an annnl.r 
indicate like par". iU"'' ,..sel 1 

„l.mn. SeferrlngtoFU. ■ . spaced 

contain, the „„el 1 L " '""'"^ 

internallT of the outer .al defining a 

■ .mil 41. the .pace J 42 1. 

chamber 42. Where ' " „x.ln.te. above the bottom 

euuular. The internal .all ^^^^ 
43 of ve..el 1. to provide an o „rmin.te. 
the central region 45 of vee.el 1. 
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*«rp level 46 in vessel 1, 

„ alio. th. raaction " ^ ,.,,ued via li« " 

c...ber Ur ; ^/li, lescrib.d) ..d 

rt. top of c.a.b.r 42 (b, .ea.s p ^^„,,,„ 

„.« .r. pr.,ld.d i. cK..ber 4 t. ^^^^^„„^. ,H..e 

.i.t.r. dovavards i« th. cha.ber 

...as are restrlcUon. " 49. 

„ 1 is a bUb ---- iu„id/.ili- 

I. OP'^'I"-' »5 and int. the top of 

reaction .ixture up.ardlj 1. « , a„...,rdl, and 

,.e tha.ber 42 «>■'"" "^^^^ .„„,k„ ,as) . the conditions 
oxygenated (or contacted " i„ the 

le th. chamber 42 are cha.b.r 42 i. 

colu«s pr..i.»=ly *"""'';;;„..t.d r.acti.n .ixture 
ceaaidered to be a / 44 back into the 

n... radialU m-ardlj through ^ 

..„tral region 45 ««;""\'\,. .,eth o£ the cha.ber 42. . 

choaen so f ^"X'tr.rd U,ni^ 

h.hbles » „ pa,pi.g rate s.l.ct.d to 

thus principallj r.lat. 

echl... the -aaa tra».£er d.«. ^ ^^^^^^ 

Kgare 5 xs ..g.e.t.rs to .0,. 

..ternal p..pa 50 are used vith ^^^^^ ^^^^^^^ 

higher .ol«.es o£ li,ni-- ' it ,ia 

th. b.tto. 43 of veaael 1 jia P P „ „j ,„sel 

piP« " to venturi are oatside the 

1. Although the p».ps 50 " " .„a.g..e.t be -ithxn 

,easel 1. the, «a, in " ."ernatx 

the vessel 1. kioreactlon vessel 1 (onU P"t 

' ! " reaction .ixtur. 10. The 

ah...) containing ^^'^''"'''"'^l'' u,aid/solid. -ixt.r. 

c.l».n 4 i. located outside ve ^^^^^^ ^ ^^^^^^^ „ 

10 i. .Ithdr... tro. through pip. 62 

outlet 60 via a pu.p 61 and 
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::,\::r:.e cox... 

r 66 (»ith . TaX»e 67) 1. Head 

The upper p , aq At the bottom of lower 

t... «e lcv« par "^J 
part 69 i. a. o.tl.t pipe 70 

... col... 4 ; :r:: sa. l -....e. ..racu, 

the solids. i 4„„id/solids mixture 

ta.ga.tiall, l.» tha col... * ' tharaof. 

..a col... c..t..ta at l.a.t 1. " ' 

* 1. :.^. Baca... t.a 

.X,aol,l.S «"";;;;;;^:,,„ee.ca occra. T.a ox„a. i. 

.ntl, a.d th. li,.or la.vl.. th. col... 
therefore used effxcienzxy 

4 is saturated with -^S- ,,,, of the 

Figure 7 is a sxmpU i d toP P ^^^^ ^ 

column (omitting most of pipe 63). 

indicate like parts. especially useful 

The arrangement of Fig. 6 is p 

.irclatad arou.d the loop ^^^^ 'J^^^'.^.^,... 

6,. col... 4. ."let 70, r o t o. o. th. 

i. thia cae. .itroge. h.hblas laa.e t 

col... a.d are "^"^/j;:: , „ f.. .d,..t.,....l, *e 

.»c...ta.ca.. cartai. .odlfxctx 

.ade i. the .rr,.ga...t 68. -hlch 

dla..ter of col... lo.er p.rt 69 over .pp. 
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V i,hi.« leaving column 4 in the arrange- 

»""-';j;:;t::r.«/s.ppxu« "t. .1..- pipe 

Also, air iS pr change' are 

63 aloas li»e 66 fro. . 6 ul.strate 

,ho.n in Fig. 8. .her. like na«r.l. 

.or... .i.- ::::erro"c::;a::rii,-a/""- r.a«ioa 

Figures, the main vessel 93.94.95 each formed 

.i«„r. «. THer. .ro.. aa. paran.1 

ij a r.ap.ctiv. vail « ' . ,„ „j joi... to the 

/o ... oator .all 97 of the « .1 » • ^ ^_ „ 

.all 97 at "cH ""l^;- « ^ ,...l,r 

.3 not r::. ,„.ed. Bac. .all 96 

colamn. four a.parat. cola „ 

„«l.t 99 fro. of .acK .all 96 i. balo. 

xegio. 100 of ,..aal 90- J flo. i.to 

th. ll,«il " '^"'^ ,„,pi, U pro.ld.4 to the 

th. top of each colu.». ° " „„„„ plana. 101 

top of each "l«.n fro. an x.di ^^^^ 
„d raspectlv. (auitahl, of 

a 10. P"'7';;;;,;;:rc:r..ic ..tanaD to aaalat in 
stainlea. at.al. ,„^nea g.n.ratad are 

luhhle diapar.ion ,i,,,.£„a.ca of the contact 

distributed .».nlT •!«»« "^^ .elocitT of alurr, 

„n. and ar. ...pt io"'"* 

.at this mjactio. point. ^^^^^^ ^,„..., i. a 

la each colu.n xn t ^^^^^ .x„m.tival, 

parforatad di"rihutor or n.» ^^^^^^ ^^^^^^ „n>c 

r-rirar- dri,.. a .otor .o6. .h. .git.tor 



( 
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. ..h.r direction to create (alternatively) 
can be driven in either directio 

flow (arrows 107) or downflov (arrows 108). 
up flow (arrows ^^^^^ ^^^^^^^ ^^^^ UO. 

^^^^ 

independent pumps, vkxch c.n x.p r„„irei.ent. 

nnd rednndenc, i. the . pu. -^"7;"^ 

,.rl., .0-1 operation or f J";;^ „.ion 

,elocit, m the do.n.o«er ' ""''.^'J:'".^,,, 

0, . W..C. IS , " : h that 

„.„a£er coefficient """f f/Z^fteolia. or irrigated 

external heat ""f^ r r,.o,i.s heat fro. the 

uall arrangement can he n»e« 

total bicaaa effectively. ^^^^ 

the .i.lns patter. „ .nd 

egitator (105) is '« "''^'^ .„ntactin. .0... 

to assist the o"r.ll flov pat 

.„ hronsht i.t. operation. Th. y ^ ^^^^ 

rc:ratrn^::rrr::Ta;.ir. ...-on of the ty e of 
=-""r'^r:hri:t:^7s:rsrirreTa^^^^^^^^ 

r.:: .ccrri.. ^ 



90. 



in order that the invention .ay be n.ore fully 
understood, the following Example is given by way of 
illustration only. 

A. erampl. of . process of the pre.eat invention 
An exauiF ^^nvpntional design of 

is here compared .ith a process xn a c...e.tion 
hi.reactor, for a mi.eral leachi.g op.r.txo.. 
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The conventional bioreactor comprises a tan. 10 
12 5 meters operating depth, and 
meters in diameter. 12.5 ^ content. The solids 

1 «f 25% w/w solids content. 

ct.!. -l"ie ore .s nrlt. (F 2 

ore in a series of stages i; according to the 

... v-^-tnM«» f erro-oxidans, accoirua.«B 
bacterium, thiobacillus lerxo 

overall reaction; 

«.S2 * 2H20 . 150a — ^F.2(S04)3 * M^SO* 

o series to convert 25% 

..,or.ed into solutioo r .»s PP^^^^^^^^^ ^^^^^^ 

3400 i... roughl, £i.. ^„„„„,43 to onl, 

„,.ire„.nt. to achieve thxs dut,. ^ 

20% efflcieno, o£ oxygen ,„„,,.ee the ge. 

expression en.rg, re,»lred for th ^„ 
„ e hack pr..s«r. eq.i.el." to 2 5. 

la addition a ^""^/^j^ acoordiag 
.alatal. .de,«at. .i.ias ^"f ^'j'^ „ „ „,ge. .a, he 
to the present invention, the s..e ^ ^^^^ 

transferred in a pn.ped loop catrji « • „ i„.„t of 

.splratlng 13S0 .g/h of ^^t ... considered 

„„lj 89 k«. Furthermore, the tank its 

f-si:: rrra-r.;. -r ;:::rr .r 

orifice plat '/^X ..loclt. 



achieved. 
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are used, each nominally luuu o , ^ .^.^ total reaction 

r :::: r r ! r.:.. cc,.. » 

! 1 'S' curve developed from laboratory batch tests, 
typical S curve ub» r »rale has a 

bL. s»se of t.. r..ctio« "//^^^ 

fro. approximatelj 1.3 to 5.0 g/i „„„rtea 

,ub..,«eat caaide leaching la the 95 

I. order to .alntaia opti.u. t..per.t.r., it is 
.eceasar, 'to a.ffici.at heat a.h„g. 

to water jackets is an efficient solutxon to P 
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CLAIMS: 

1 A «ethod of effecting a bioreaction which 

-rr:rr::— ^^^^^ 

circ«l=U.g th, .r,«.d a looP. th. loop 

an upper region of the coiumn, liquid 

... — - !:;iror:.e co.... 

streamCs) of liquia, a , x „f iinnid and the rate 

of iatroductlon o£ the gas oems 
accumulating at the top of th. colMU. 

* .etho. accordihg to dal. 1 . -h.r.lu th. ...s of 
i;,uU./aolid. gas in th. col... ia the 
C.1U.. auhatantiall, «»«»^ : \,...ent. 

column .ith a "^"^'l'"' J^XC,'^ ,„.n.ard through 
th. net flo» of muiia and solids 6eing 

the column. 

3. * ..thod according to clai. 1 or 2. .h.r.in oxygen 

or an oxjg.n-containing gas la u.ed. 

14-.^ wherein the solids 
/ A method according to claim 3, wherein 

rrelaVlU::; Ia.erat.d t. reco,er or 
liberate one or more of said metals. 
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» «th.d accorn., to cla« 4. .herei. the .ixt.r. 
^* Thiobacillus ferraioxidans and, 

contains the f^^^tttr^I^II^r^^ 
optionally, one or more other micro organ 

culture . 

, , .ethod .ccordiog to clai. * or 5, .l.."!. the 

0^ is iron P,rite. .r.,.o-p.rlte or ...t.er C..M..d 

sulfide. 

* .ethod according to cl.i. 1 or 2. .herein the 

::— 

by the method, 

. „ethod according to an, ^^'^'jj^;;^ l',,,,, 
.herein the dleeol.ed oXTgen level in the 
can be as low as 0.5 to 0.6 .s/l. 

-i-^m R wherein the driving 
. ...hod according to 11. . 

'-'rnorirrg/ra: ichirgrL. th. com-n. 

column and about lU mg/i 

10. * " ::;ro^l^r.^.a.t 

.herein the lU»ld discharging from 
near-saturated .1th dissolved o.jgen. 

. method according to 
---rrrr::: ron^r "eration .t . 

oxygen relative to i: 
. higher pressure in the column than in 

. .ethod according to any of ^'^'^^ 

i^lrein the li.uid/solids ^^^^ ^/^^^^^^^^^^^^^^ 
0.1 to 50%(v/w) and wherein the said gas comp 
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4-n Claim 12, wherein the 

' "o'r ox;.e"e"i""* air. 

oxygen or oxyijt^ 

1 or 2 wherein the 
. , A method according to ^^"'"l ,,;taining gas is 

la anaerohic and a non-oxygen 
bioreaction is anae 

used. 

. claim 14, wherein a non- 
15. A ^"°:tsed to strip out any dissolved 

oxygen-containing gas .s used 
oxygen in the mixture. 

of claims 1 to 15, 

A method according to any 

onrf/or inoculant are 
.herein the ->«trl..ts colu.n. 
.i««re b, i«r.d«ctiO. dxr.ctl, 

of claims 1 to 16. 
J,. 4 «th.d .ccrdlng to e.J ^^^^^^^ „spir.tlo. 

•""";'\r.:rd:\nr.:.:ed .r-ct., i«o t^. c...^. 

and carhon dioxiae is 

of claims 1 to 17, 
A method -cording to any ^^^^^ 

..erein the mixture is ^^^l^^^,^,^ the vessel, 
circulation is used to stir 

of claims 1 to 18, 
,9 A method according to any ^^^^.^^^ mixture 

. i-H^ «a8 is introduced into the q 
:rr;.rrre ... .,dro.t.t.c pre,s.r. i. 

atmospheric. 

,f.cti« . bioreacti.. bJ f.sifJ'"^ 
A„er.t»s £or 1, .hlcH 

. li,.id/s,Ud. .ixtur. " 7 the U,uid/e.Ud. 

„.pri»es a reacti.a ^^.^h .hich the 

.»ture, at l...t «" ""tir.^./i.cluding at Last o.e 
fixture ca. b. clrc.lat.d. tb. 
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to. of the colu.„ in the for. .£ o.e Btr.... 

lotrolucios S.e i.» t.e cox.^. 
iotr.d..l»g ..ans .«h a. to c.u.. cr.atio. a.d 

..i„te«.o. of tH. conditio.. .paclUad 1. clai. 1. 

,1 Apparatus according to claim 20, .herein the or at 

L;.t one aaid coln.n is located out.ide said reaction 
vessel* 

Apparatus according to clai« 20, .herein the or at 
List one said col... is Iccated .ithl. said reactio. 

vessel* 

„ Apparatus according to clai. 22, .herein the or at 

feast one said col... is lor.ed adjacent an inner .all of 

the said vessel. 



KtnlnadfWinTt*^ patent Ofl^^^ 



